The decay rate of an electron-capture nucleus is proportional to the electron density in the nucleus. In order to see how the decay rate can be changed artificially, we have measured the half-life of 7 Be in a beryllium (Be) metal crystal. We found that it is 53:25 AE 0:04 days, which is slightly longer than that in hosts such as graphite, lithium fluoride, and others that have previously been tested.
Introduction
As first suggested by Segr'e et al., [1] [2] [3] [4] the electron-capture (EC) decay rate depends on the density of atomic electrons within the nucleus. Environmental factors such as the chemical form and pressure, among others, may alter the electron contact densities in the nucleus and thus affect the electron-capture decay rates. In this regard, the nucleus of 7 Be is a good candidate in which to look for such variations in environmental factors because of its simple electronic structure, 1s 2 2s 2 , in the EC decay nucleus. The 7 Be decays directly to a 3=2 À ground state of 7 Li with a branching of 89.6%; it goes with a branching of 10.4% to a first excited state of 7 Li(1=2 À at 478 keV), which decays by gamma emission to the ground state. 5) In experiments to determine the decay rate of 7 Be compounds, different chemical forms and/or host materials have been investigated by several groups. [6] [7] [8] [9] [10] [11] [12] Differences found in the decay rate of 7 Be as a function of different chemical forms, host materials and under high pressure have until now been limited almost to within 0.2%. In recent studies, however, large variations have been observed as a function of different chemical forms and pressures. 13, 14) Therefore, a precise measurement is still needed to obtain the absolute decay rate in different circumstances.
Because of the uniform lattice structure (hcp) that includes 7 Be in Be metal crystal, the EC decay rate of the 7 Be nucleus should be surveyed in order to compare various situations resulting from chemical forms, pressure, temperature, etc. In the present study, we have measured the half-life of 7 Be in Be metal crystal by using a reference method and a standard clock time.
Experimental Procedure
Be metal (with a hcp lattice structure) 10 mm in diameter and 0.3 mm thick was utilized to produce 7 Be uniformly in a Be metal crystal. After being washed with HCl solution, the Be metal crystal was sealed in a quartz tube (vacuum packed) 12 mm in diameter to be used as a target. Irradiation with a bremsstrahlung (50 MeV electrons) was carried out by the Electron Linear Accelerator, Laboratory of Nuclear Science, Tohoku University. The sample in a quartz tube was set in the middle path of a sweep magnet placed on the axis of the electron beam. A platinum plate converter 2 mm thick was set in front of the sweep magnet in order to generate the bremsstrahlung. Then, the sample was irradiated only by the bremsstrahlung in such a way that all the electrons were ruled out by the magnetic field. Therefore, damage to the lattice of the Be metal crystal was confined to a minimum.
The experimental setup for the irradiation procedure is shown in Fig. 1 . The 7 Be can be produced uniformly by the 9 Be(, 2n) 7 Be reaction in the Be metal crystal. After the irradiation, the sample was baked in an electric oven with vacuum packing at 1150 C (the melting point of Be metal crystal is 1278 C) for over one hour to recover a lattice defect in case it had caused by the (, 2n) reaction. Finally, the sample was washed again with a HCl solution to clean the surface.
Two samples of 7 Be in a Be metal crystal, specifically, a Be metal crystal ( 7 Be), were placed on top of two arms of an automated sample changer, which moved the samples horizontally in front of a -ray detector. This allowed the decay rates of the two samples to be measured in a comparable way. The system is shown in Fig. 2 . The activities of the 478 keV -rays emanating from the 7 Be were measured with a high-purity germanium (HPGe) detector (with a resolution of 1.8 keV and 50% of the relative efficiency of a standard NaI detector) coupled to a 4096- Materials
channel pulse-height analyzer. Due to the excellent energy resolution of the HPGe detector, a good signal-to-noise ratio was obtained. The background was reduced by a lead shield. Therefore, the background peaks do not impair the determination of the half-life of 7 Be in the present experiment. The radioactivities of 7 Be could be uniquely detected by means of its characteristic -rays; any other sources were ruled out. Here, we set the measurement duration for one data point to T d ¼ 21600 seconds (21480 seconds for the live measurement time and 120 seconds for the dead time of the measurement system plus the sample exchange time). Total measuring time was 170 days, which is over three half-lives of 7 Be. The start time was taken from a time standard signal distributed via a long-wave radio center in Japan. Therefore, any uncertainty about the time measurements is negligible.
Results and Discussion
A typical -ray spectrum obtained in the sample of Be metal crystal ( 7 Be) is shown in Fig. 3 . The decay scheme of 7 Be is also shown in the figure. The expected line at E ¼ 478 keV and a natural background of the line at E ¼ 1461 keV can be seen as two giant peaks. No peaks were seen at around E ¼ 478 keV when the 7 Be sources were absent. In Fig. 4 , the typical exponential decay curve of the 7 Be activities for the sample of Be metal crystal ( 7 Be) is shown as a function of time (days). The decay curve obtained from the present measurement was fitted so as to include statistical errors by a MINUIT program distributed from the CERN Program Library. The statistical error dominates the uncertainty at each data point in Fig. 4 . The uncertainty of our measurement is given by the uncertainty of the slope of the straight line fitted to the logarithm of the counts (i.e., counts per second) of the decay spectrum. For the sample of Be metal crystal ( 7 Be), the measurements were repeated several times and in some cases compared with 7 Be in different chemical forms. (It should be noted that we have also measured the half-life of 7 Be in a sample of 7 Be@C60. The results have been presented in another paper 15, 16) ). Finally, we obtained the half-life (T 1=2 ) for the sample of Be metal crystal ( 7 Be), which is 53:25 AE 0:04 days. The change of the dead time in the data acquisition system is evaluated to be about 8$15 s for every running case. Therefore, the uncertainty due to the dead time is estimated to be less than 0.04%, a value smaller than the fitting errors of the half-life of 7 Be. The counting rates of the natural background, which consists of the 1461 keV -rays emanating from 40 K, are also shown in Fig. 4 . The data for 40 K obtained were also fitted by the same procedures. It was found that the fitted line closely corresponds to a horizontal line.
In the present study, the half-life of 7 Be in the sample of Be metal crystal ( 7 Be) was determined as T 1=2 ¼ 53:25 days. The half-life values obtained for 7 Be in several other host materials, including graphite and boron nitride, have been presented previously. 17, 18) The values are in the range around 53.1-53.3 days. In Fig. 5 , these previously measured halflives are also plotted as a comparison. Here, only the halflives obtained using a standard time distributed publicly are Fig. 2 The measurement system: a computer-controlled sample changer. Fig. 3 Typical -ray spectrum for the 7 Be in the sample of the Be metal crystal. shown. We found that the half-life value of 7 Be in Be metal crystal closely agrees with such available data but could be slightly longer than the values found in graphite, boron nitride and other materials.
Conclusion
We have produced a radioactive 7 Be nucleus in Be metal crystal by a 9 Be(, 2n) 7 Be reaction caused by a high energy bremsstrahlung. The half-life of 7 Be in Be metal crystal was measured using a HPGe detector in accordance with a standard time. We found that the half-life of 7 Be in Be metal crystal was T 1=2 ¼ 53:25 AE 0:04 days. This value is important for reference methods in the measurement of half-lives in different situations such as with different chemical forms and/or pressures.
